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(57) Abstract 

A memory device is disclosed in which 
there is little stray capacitance in the wiring 
between the probes and the W/R circuits, so that 
the device is relatively immune to the effects 
of noise, in which a high parallelness can be 
insured for the respective probes, which can be 
manufactured at a low cost, and which has a 
high recording density. Such memory device 
is equipped with a memory substrate (7) that 
has a memory medium formed on its surface, 
and a probe device (1) that includes a multiple 
number of probes (2) that have conductive 
needles (22), a positioning device (9 IX write- 
read (W/R) circuits (31), and probe driving 
circuits (32); and in which the probes, W/R 
circuits, and probe driving circuits are formed 
in close proximity to each other on the probe 
device by a monolithic semiconductor process. 




7 PM 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Paso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


belaud 


NZ 


New Zealand 


BJ 


Benin 


IT 


nary 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


FT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgyttan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People'* Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


S£ 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


a 


Cote d" I voire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanza 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


DA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


n 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 96/11472 



PCT/US95/12932 



A Memory Device 

BACTCQROmm OF THE INVgMTTON 

TECHNICAL FIELD 

The invention concerns a memory device in which information is read and written 
by means of a plurality of minute probes, and specifically concerns a memory 
device of the type in which the stray capacitance of the wiring between the probes 
and the write-read circuits (hereafter referred to as W/R circuits) is small,the device 
is relatively immune to the effects of noise.the cost of manufacturing the device is 
low, and the recording density of the device is high. 

DESCRIPTION OF THE PRIOR ART 

Conventional examples of memory devices which accomplish the reading and 
writing of information by means of a plurality of minute probes include such devices 
as are disclosed in J. Sliwa, Jr M Microvibratory Memory Device, Japanese Patent 
Application Kokat No. 4-289580, and U.S. Patent No. 5,216,631 (1 June 1993). In 
such devices, techniques for controlling the spacing between needles and the 
surfaces of detected objects in STM (scanning tunnel microscopes), and in AFM 
(atomic force microscopes) operated in a non-contact mode, are used to control the 
spacing between needles and memory media in memory devices. The reading and 
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1 writing of data in such memory devices are performed while adjusting the distance 
between the surface of the memory medium and the tips of the needles. This 
distance adjustment is accomplished by detecting the distance between the surface 
of the memory medium and the tips of the needles. 

6 Furthermore, in the case of memory devices that are fabricated in accordance with 
Sliwa (id), the distance between the surface of the memory medium and the tips of 
the needles is detected by means of tunnel current or force. Accordingly, in such 
memory devices, detection circuits, and signal processing circuits as are used for 
distance detection and distance, control must be provided for each probe in addition 
11 to W/R circuits. These circuits, e.g. W/R circuits, detection circuits, and signal 
processing circuits, cause an overall increase in the dedicated surface area. As a 
result, in cases where the probes and the abovementioned circuits are installed on 
the same substrate, said circuits add to the difficulty of achieving a high probe 
density. 

16 

For the above reasons, in memory devices that are fabricated in accordance with 
Sliwa (id.) t it has been necessary to install the aforementioned W/R circuits, 
detection circuits, and signal processing circuits on a different substrate from the 
substrate on which the aforementioned probes are formed. As a result, the parts 
21 on which the aforementioned needles are formed, and the aforementioned circuits, 
are naturally formed in separate locations by separate manufacturing processes. 
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1 In devices that are fabricated in accordance with Sliwa (id), the respective probes 
are manufactured by a hybrid semiconductor process. Specifically, in the case of 
devices that are fabricated in accordance with Sliwa (id.), the respective probes and 
the various circuits associated with said probes, e.g. W/R circuits, detection circuits, 
and signal processing circuits, are not installed on the same substrate, i.e. they are 
6 installed in separate locations. Accordingly, said probes and circuits are connected 
by relatively long wiring. As a result, the distance between the probes and the 
various circuits corresponding to said probes varies from probe to probe, thus 
creating a skew in the probes so that a high parallelness cannot be obtained. This 
leads to problems, such as a difference in the electrical characteristics of the areas 

1 1 between the probes and the respective circuits corresponding to said probes. As 
a result, performance values which are important in a memory device, e.g. data 
transmission rate, assurance of redundancy, and error correction functions are lost. 
Furthermore, because of an increase in stray capacitance and noise between the 
probes and the W/R circuits, an increase in the bit size of the memory medium 

16 becomes unavoidable. 

In memory devices of this type, the amount of data that are read or written in one 
access naturally increases with an increase in the probe density. In the wiring used 
for the transmission of such reading or writing signals, at least one line is required 
21 for each probe. As a result, the large number of lines required interferes with the 
achievement of a high probe density. 

SUMMARY OF THE IHVBMTTON 
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The invention provides a memory device: (a) in which there is little stray 
capacitance in the wiring between the probes and the W/R circuits, so that the 
device is relatively immune to the effects of noise; (b) in which a high parallelness 
is maintained for the respective probes; (c) in which the cost of manufacture is low; 
and (d) in which the recording density is high. 

The invention is based, inter alia, upon the following: 

If the probes and the various circuits, such as W/R circuits and probe driving 
circuits, corresponding to said probes are formed on the same substrate by 
a series of forming processes, said probes and circuits can be installed in 
close proximity to each other, so that the high parallelness of the probes is 
not lost. 

If the exchange of signals between a plurality of W/R circuits and peripheral 
circuits is accomplished using a single bus, the high density of the probes is 
not lost. 

By selecting an appropriate mechanism for use as the probe actuating 
mechanism, it is possible to simplify the circuits installed adjacent to the 
probes, e.g. W/R circuits and probe driving circuits with detection circuits 
omitted, so that the probe density can be increased even further. 
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1 Specifically, the memory device herein is characterized by the fact that said memory 
device is equipped with a memory substrate that has a memory medium formed on 
its surface, and a probe device that includes the following elements: 

(a) a plurality of probes with conductive needles that are used to read and write 
6 information in the aforementioned memory medium; 

b) a positioning device that is used to position the aforementioned conductive 
needles in prescribed positions on the surface of the aforementioned memory 
medium with all of said needles being positioned at the same time; 

11 

(c) W/R circuits that are used to read and write information in the aforementioned 
memory medium via the aforementioned conductive needles; and 

(d) probe driving circuits that are provided for each of the aforementioned 
16 conductive needles, and that are used to place the surface of the aforementioned 

memory medium and the tips of the aforementioned conductive needles in a state 
of contact. 

The aforementioned probes, W/R circuits, and probe driving circuits are formed in 
21 close proximity to each other on the aforementioned probe device by means of a 
monolithic semiconductor process. Assemblies of probes, W/R circuits, and probe 
driving circuits which are thus installed in close proximity to each other are referred 
to below as probe cells. 
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In the invention, a plurality of probe cells are installed in one memory device, 
preferably a large number, such as 100,000 probe cells per memory device. By 
installing such a large number of probe cells, it is possible to achieve a great 
increase in the amount of information read or written per unit time. The probe cells 
may be installed in either a one-dimensional arrangement or a two-dimensional 
arrangement. Ordinarily, however, a two-dimensional arrangement is preferable 
from the standpoint of achieving a high recording density. 

in the invention, the probe cells are manufactured by a series of processes based 
on monolithic semiconductor processes and micro-machining processes. 
Accordingly, the manufacturing process used to manufacture the respective probes 
and circuits associated with said probes is greatly simplified compared to 
conventional manufacturing processes, so that the cost of the memory device as a 
whole is reduced. 

Furthermore, especially because the W/R circuits and probes are formed in close 
proximity to each other, a high parallelness is insured for the respective probes. 
Moreover, because the distance between each probe and the corresponding W/R 
circuit can be made the same for all probes, the stray capacitance of the wiring is 
much smaller than in conventional devices, so that the effects of noise can be 
greatly reduced. In the invention, furthermore, because the probe cells are 
manufactured as described above by a series of processes based on monolithic 
semiconductor processes and micro-machining processes, variation in the probe 
cells and the circuits making up said cells can be reduced. 
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1 An ordinary bus line system is used for the transmission of signals between the W/R 
circuits and peripheral circuits. The rate at which information is read or written is 
low compared to the data transmission rate of an ordinary bus line. Accordingly, a 
single bus line can be used for 100 or more probe cells. Thus, there is no problem 
of the high probe density being impeded by the use of a bus line. 

6 

In the invention, the probes used may be probes actuated by electrostatic force or 
probes actuated by piezoelectric force (bimorph type). Probes that are actuated by 
electrostatic force have a simpler structure than probes that are bimorph-actuated. 
In the case of probes that are actuated by electrostatic force, the memory substrate 

1 1 can be used as an electrode to drive the probes. Specifically, an electrostatic force 
is generated between said electrode and the probes, and the probes are actuated 
by this electrostatic force. Probes that are thus actuated by electrostatic force have 
a microactuator mechanism, and are basically cantilever type probes. In the case 
of such cantilever type probes, control of the conductive needles can be 

16 accomplished more efficiently by attractive-force control than by repulsive-force 
control. 

Wafers with various layer structures can be used to manufacture the probe device 
used in the invention. Ordinarily, the wafers used in this case are wafers consisting 
21 of a silicon (Si) surface layer, a silicon oxide (SiOj) intermediate layer, and a silicon 
undersurface layer, which can easily be obtained from wafer makers. By using 
wafers of this type, it is possible to use the silicon surface layer to form the main- 
body parts (bridge parts) of the probes. 
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Furthermore, the probe device used in the invention can also be manufactured 
using bulk silicon wafers. In such a case, the main-body parts of the probes are 
ordinarily formed using polysilicon which is deposited onto the surface of a silicon 
oxide layer formed on the silicon layer. 

Moreover, in the memory device of the invention, auxiliary electrodes which have 
fins that are parallel to the memory substrate (also referred to as electrode fins 
herein) may be provided. In the case of such probes, the electrode fins are 
ordinarily formed at a prescribed height facing the memory substrate. As a result, 
the probes can be easily driven regardless of projections or indentations in the 
circuits formed on the probe device. 

In cases where the probes and various circuits, e.g. W/R circuits, are formed on the 
same substrate, circuit elements such as transistors, are formed so that said 
elements have a thickness on the surface of the substrate of the probe device, e.g. 
on the original surface layer of the wafer. 

Accordingly, in cases where the probes are formed using the aforementioned silicon 
surface layer or polysilicon, a large space must be left between the memory medium 
and the probes. As a result, the following problem arises: i.e. in cases where an 
electrostatic force is generated between the probes and the memory substrate, and 
said probes are controlled by attractive-force control, the driving force is reduced, 
so that good control cannot be achieved. In the invention, this problem is solved by 
forming auxiliary electrodes with fins, i.e. electrode fins, on the probes, and driving 
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1 the probes by applying a voltage across said electrode fins and the memory 
substrate. 

Conductive needles that are used to write information into the memory medium or 
read information recorded in the memory medium are installed on the tips of the 

6 probes so that said needles face the memory medium. In the invention, the tips of 
these conductive needles may be formed from columnar parts that have a uniform 
cross section. In such a case, even if the conductive needles should be consumed 
by wear, the area of the tips of said conductive needles contacting the recording 
medium does not change. Accordingly, the possibility of errors occurring during 

1 1 reading or writing is greatly reduced. 

In the memory device herein, the memory substrate is constructed from a laminated 
body which consists of, for example a substrate layer and a memory medium layer. 
Here, for example silicon is used as the substrate layer. The memory medium layer 

16 may consist of any of various materials that allow writing by electrical stimulation 
from the conductive needles, and that allow the electrical detection of written 
information. For example, a material that traps electrons on the memory medium 
surface when electrons are applied to said memory medium surface by the 
conductive needles may be used. Alternatively, a material in which the memory 

21 medium is polarized by the potential applied to the conductive needles may be 
used. In concrete terms, materials such as dielectric substances or ferroelectric 
substances may be used as the memory medium. 
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In the manufacturing process, warping of the memory substrate may occur as a 
result of thermal expansion or thermal contraction. In cases where such warping 
occurs in the memory substrate, the spacing between the memory medium and the 
tips of the needles varies from probe to probe. In such cases, control of the probes 
becomes complicated. For example, control of the distance between the memory 
medium and the tips of the needles, and control of the contact pressure, must be 
performed in accordance with the degree of warping of the memory medium. 
Furthermore, in most cases, such warping constitutes a fatal defect in the memory 
substrate. 

Such warping of the memory substrate can be prevented or reduced by increasing 
the thickness of the memory substrate. In such a case, however, the weight of the 
memory medium is increased. As a result, the following problem arises: i.e. in 
memory devices which have a mechanism that positions the probes by moving the 
memory medium, the reading and writing of information cannot be performed at a 
high speed. 

In the memory device herein, warping of the aforementioned memory substrate can 
be greatly reduced by forming a multiple number of lattice-form separating grooves 
in said memory substrate. A multiple number of recording regions, i.e. where the 
area accessed by one conductive needle corresponds to one recording region, are 
formed on the surface of the memory medium. Ordinarily, the aforementioned 
separating grooves are formed so that they are positioned at the boundaries of the 
aforementioned recording regions. In the case of a memory substrate in which 
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separating grooves are formed according to the invention, there is no need to 
increase the thickness of said memory substrate. Accordingly, the weight of the 
memory substrate can be reduced. Thus, for example, high-speed reading and 
writing of data are possible even in cases where the positioning of the probes is 
accomplished by moving the memory medium. 

As was described above, the conductive needles write information by applying an 
electric stimulus to prescribed recording regions on the surface of the memory 
medium. Furthermore, said needles also act to detect information written in the 
aforementioned recording regions. Ordinarily, this is accomplished by electric 
detection. In cases where the memory medium is a ferroelectric material, the 
conductive needles contact the surface of the ferroelectric memory medium, and 
thus detect the polarity of the aforementioned surface (ordinarily, information is 
acquired by destructive reading), or cause polarization of the surface of the memory 
medium to a prescribed polarity, i.e. record information. 

To read or write information, the conductive needles of the respective probes 
making up the probe device are all positioned at the same time in prescribed 
positions on the surface of the memory medium by means of a positioning device. 
This positioning device includes a control mechanism, hereafter referred to as the 
X-Y control mechanism, which controls movement in the X and Y directions, i.e. , 
in the plane parallel to the surface of the memory medium. The movement of the 
probes along the surface of the memory medium is controlled by this X-Y control 
mechanism. 
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Here, It is sufficient if the positioning device is capable of causing relative movement 
of the conductive needles of the probes in the X and Y directions with respect to the 
memory substrate. For example, the memory substrate may be maintained in a 
static state and the probes may be caused to move, or conversely, the probes may 
be maintained in a static state and the memory substrate may be caused to move. 
Furthermore, it would also be possible to cause the memory substrate to move in 
the X direction, and to cause the probes to move in the Y direction. The X-Y control 
of the aforementioned probes or, alternatively, the Z control involved in the 
aforementioned positioning, can be accomplished by means of universally known 
control techniques using piezoelectric materials (piezoelectric elements). 

In cases where the reading and writing of information are performed with the 
conductive needles of the probes contacting the memory medium, it is not 
necessary to detect and control the distance between the surface of the memory 
medium and the tips of the conductive needles. In such cases, the probe driving 
circuits are capable of controlling the probes so that the repulsive force applied to 
the tips of the aforementioned conductive needles does not exceed the atomic 
bonding force of the tips of said needles. As a result, wear and damage to the 
conductive needles are prevented. In such cases, furthermore, wear and damage 
to the conductive needles can be prevented by setting the repulsive force applied 
to the conductive needles at a smaller value than the abovementioned bonding 
force during the reading or writing of information. 
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Furthermore, because the tips of the conductive needles are formed as columnar 
parts which have a uniform cross section, there is no change in the area of contact 
with the memory medium even if the conductive needles should become worn. 
Accordingly, no problems such a reading errors, arise. For example, in cases 
where the memory medium is a ferroelectric material, the polarity of said material 
is detected. In concrete terms, this is ordinarily accomplished by applying an 
appropriate positive or negative voltage to the conductive needles, and detecting 
the current response to said voltage application, e.g. the change in the current 
value or the integrated value of the current, using an appropriate detection means, 
such as a sensing amplifier. In this way, it can be determined whether or not the 
aforementioned current response is accompanied by a reversal of polarity caused 
by the aforementioned voltage application. In cases where such destructive reading 
is performed, the destroyed data can be rewritten following reading. 

Because the repulsive force applied to the conductive needles is dispersed through 
more than one atom in the tips of said conductive needles, the conductive needles 
do not necessarily suffer any wear or damage, even if the inter-atomic bonding force 
of the tips of said conductive needles should be smaller than the abovementioned 
repulsive force. For example, in cases where the material of the tips of the 
conductive needles is SiC, the incidence of wear or damage in said conductive 
needles can be greatly reduced by setting the repulsive force at, for example 
approximately 6 nN or less. In cases where the value of the repulsive force is set 
at, for example approximately 1 nN or less, the incidence of wear or damage can 
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1 be reduced to a practical level regardless of the material of the tips of the 
conductive needles. 

Furthermore, the conductive needles can be controlled so that the contact between 
the surface of the memory medium and the conductive needles is continuous, i.e. 
6 so that said parts are in contact during positioning movement as well. In other 
words, the system can be designed so that the reading and writing of information 
are performed by the W/R circuits when the probes are moved in the X and Y 
directions, with the conductive needles contacting the surface of the memory 
medium, so that the conductive needles are positioned at prescribed points in the 
1 1 recording regions. Alternatively, it is also possible to control the memory medium 
or the conductive needles so that the contact between the surface of said memory 
medium and said conductive needles is intermittent. Furthermore, the probes can 
also be applied to devices other than memory devices which have conductive 
needles, e.g. scanning probe microscopes. 

16 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an explanatory diagram that illustrates one embodiment of the memory 
device of the invention in which the probes are cantilever type probes which have 
21 the form of long flat plate-form bridge parts; 

Figure 2 is a magnification of one of the probes in Figure 1 ; 
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Figure 3 (A) is a wiring diagram that illustrates the wiring of the electrodes and the 
probe driving circuit of each probe in a case where the probes are controlled by 
repulsive-force control; 

Figure 3 (B) is a wiring diagram that illustrates the wiring of the electrode fins (PF) 
and electrode (PM) of each probe in a case where the probes are controlled by 
attractive-force control; 

Figure 4 shows an outline of the memory device of the invention; 

Figure 5 illustrates an embodiment in which electrode fins are installed on the probe 
shown in Figure 2; 

Figure 6 illustrates a probe device used in the present invention, in which L-shaped 
bridge parts are used as probes; 

Figure 7 is a magnification of one of the probes shown in Figure 6; 

Figure 8 illustrates an embodiment in which electrode fins are installed on the probe 
shown in Figure 7; 

Figure 9 shows the condition of the probe following probe manufacturing processes 
(1-1) and (1-2) in the invention; 
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Figure 10 shows the condition of the probe following probe manufacturing process 
(1-3) in the invention; 

Figure 11 shows the condition of the probe following probe manufacturing 
processes (1-5) and (1-6) in the invention; 

Figure 12 shows the condition of the probe following probe manufacturing 
processes (1-7) and (1*8) in the invention; 

Figure 13 shows the condition of the probe following probe manufacturing 
processes (1-9) and (1-10) in the invention; 

Figure 14 shows the condition of the probe following probe manufacturing 
processes (1-11) and (1-12) in the invention; 

Figure 15 shows the condition of the probe following probe manufacturing 
processes (1-13) through (1-16) in the invention; 

Figures 16 (A) through (D) are explanatory diagrams which illustrate the lift-off 
process in (1-18); 

Figure 17 shows the condition of the probe following probe manufacturing 
processes (1-17) and (1-18) in the invention; 
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Figure 18 illustrates a problem encountered in the case of conventional probes; 

Figure 19 illustrates a probe used in the invention which has the shape of a bridge 
part with a reverse bend; 

Figure 20 illustrates a case In which electrode fins (PF) are installed on one of the 
arms of the probe shown in Figure 19; 

Figure 21 illustrates a probe that is formed by joining the tip ends of the respective 
arms of a pair of the probes consisting of bridge parts with a reverse bend shown 
in Figure 18; 

Figure 22 shows a probe with electrode fins, which is formed by applying the NPN 
insulating structure of the probe shown in Figure 8 to the probe with a reverse-bend 
structure shown in Figure 21; 

Figure 23 illustrates the actuation of the probes in a case where probes having the 
form of a bridge part with a reverse bend are used; and 

Figure 24 illustrates one example of a memory substrate having lattice-form grooves 
formed in its surface, which is used in the memory device of the invention, and in 
which Figure 24 (A) is a model sectional view, and Figure 24 (B) is a model plan 
view. 
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1 DETAILED DESCRIPTION OF THE INVENTION 

The following designations are consistently applied in connection with the figures 
and in the following detailed description of the invention: 

6 (1) Probe device, (1A) Semiconductor surface layer, (1B) Insulating intermediate 
layer, (1C) Semiconductor undersurface layer, (2) Probe, (21) Probe main body, (a) 
Semiconductor layer, (b) Insulating layer, (c) Metal wiring layer, (21 A) First arm of 
L-shaped bridge, (21B) Second arm of L-shaped bridge, (21 1-214) Arms of bridge 
with reverse bend, (23) Groove, (22) Conductive needle, (22a) Tip of conductive 
1 1 needle, (31) W/R circuit, (32) Probe driving circuit, (4) Probe cell, (5) Bus line, (7) 
Memory substrate, (71) Memory medium, (72) Memory substrate, (73) Separating 
grooves, (91) Positioning device, (P1, P2) Probe driving electrodes, (P3) Probe 
driving auxiliary electrodes, (PF) Electrode fins, (PM) Electrode formed on memory 
substrate, (S) Substrate surface of probe device. 

16 

Figure 1 illustrates one example of the probe device. In Figure 1, probes (2) are 
formed in an array on the probe device (1), and W/R circuits (31) and probe driving 
circuits (32), corresponding to said probes (2), are formed in close proximity to said 
probes (2). Here, the respective probes (2), W/R circuits (31), and probe driving 
21 circuits (32) constitute probe cells (4). Bus lines (5) are formed on the surface of the 
probe device (1). The W/R circuits (31) and probe driving circuits (32) exchange 
signals with circuits installed on the periphery of the probe device (1) via the bus 
lines (5) and terminals (not shown in the figures) which are formed on the probe 
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1 device (1). In the memory device of the invention, as described below, the probes 
(2), W/R circuits (31), probe driving circuits (32), and bus lines (5) are formed by a 
monolithic semiconductor process. 

In Figure 2, one of the probes (2) shown in Figure 1 is illustrated in detail. The 
6 probe device (1 ) shown in Figure 2 can be manufactured from, for example a wafer 
consisting of a semiconductor surface layer (1 A), an insulating intermediate layer 
(1B), and a semiconductor undersurface layer (1C). 

In one preferred embodiment of the invention, the main body (21) of each probe (2) 
1 1 consists of a cantilever, i.e. a long plate-form part, and said probe main body (21) 
is formed so that it protrudes from the substrate surface (S) which is the surface of 
the insulating intermediate layer (1B). A conductive needle (22) is formed on the 
tip of the probe main body (21), and the tip (22a) of said conductive needle (22) is 
formed as a columnar part which has a uniform cross section. The probe main body 
16 (21) has a semiconductor layer (a), formed from the semiconductor surface layer 
(1 A), which is connected to the corresponding probe driving circuit (32) (see Figure 
1), and an insulating layer (b) which is formed on the surface of this semiconductor 
layer (a). A metal wiring layer (c) is formed on the surface of the insulating layer (b). 
The conductive needle (22) and the corresponding W/R circuit (31) (see Figures 1 
21 and 2) are electrically connected by this metal wiring layer (c). 

The probe main body (21) is formed so that it protrudes over a groove (23), and the 
semiconductor undersurface layer (1C) is exposed at the bottom of said groove 
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(23). This semiconductor undersurface layer (1 C) and the semiconductor electrode 
layer (a) are insulated from each other by the insulating intermediate layer (1B). 
The semiconductor layer (a) forms a driving electrode (P1 ), while the bottom surface 
of the groove (23), Lb. the exposed surface of the semiconductor undersurface layer 
(1C), forms a driving electrode (P2). 

A pair of auxiliary electrodes (P3, P3), formed from the semiconductor surface layer 
(1A), are formed on the substrate surface along the long sides of the groove (23). 
As is shown in Figure 3 (A), the electrodes (P1 , P2, P3) are electrically connected 
to the probe driving circuit (32). In the same figure, the probe driving circuit (32) is 
wired so that the electrodes (P1) and (P2) are minus poles and the auxiliary 
electrodes (P3) are plus poles. Accordingly, desired control can be accomplished 
by applying an appropriate voltage V across (P1, P2) and (P3). 

Figure 4 is an explanatory diagram that illustrates the memory device of the 
invention. The probe device (1) which was described above or a probe device (1) 
which is described later, along with the probe cells (4) formed on said substrate (1), 
is shown in Figure 4, together with a memory substrate (7). A portion of the 
memory substrate (7) is cut away in the figure. In Figure 4, the conductive needles 
(see (22) in Figures 1 and 2) of the respective probes, for example see (2) in 
Figures 1 and 2, are all positioned at the same time in desired positions on the 
memory medium (71), which constitutes the surface layer of the memory substrate 
(7), by means of a positioning device (91). It is sufficient if the distance of relative 
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movement between the probe device (1) and the memory substrate (7) is, at most, 
equal to the spacing of the conductive needles (22). 

Figure 4 shows a case where the movement of the -memory substrate (7) is 
controlled in the X and Y directions by means of the positioning device (91) during 
positioning. However, it would also be possible to control the movement of the 
probe device (1) in the X and Y directions. Alternatively, it would also be possible, 
for example to control the movement of the memory substrate (7) in the X direction, 
and to control the movement of the probe device (1) in the Y direction. 
Furthermore, in Figure 4, the positioning device (91) is shown in conceptual terms, 
and differs from an actual positioning device. 

In the memory device of the invention, the memory substrate (7) can be made into 
an electrode that interacts with the probes by means of electrostatic force. In this 
case, the probes are subjected to attractive-force control by means of the 
electrostatic force between the probes and the memory substrate (7). Ordinarily, 
in the case of such probe control, attractive-force control allows the probes to be 
controlled by means of a smaller voltage than repulsive-force control. However, in 
cases where the main body (21 ) of each probe is of the type shown in Figures 1 and 
2, the W/R circuit (31) and probe driving circuit (32) of each probe are ordinarily 
formed so that they protrude upward from the substrate surface (S) (see Figure 2) 
of the probe device (1). As a result, the distance between the probe main bodies 
(21) and the memory substrate (7) is increased, so that favorable probe control can 
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1 sometimes not be accomplished if the probes (2) are driven using the 
abovementioned attractive-force control. 

In such cases, auxiliary electrodes, e.g. electrode fins (PF), which have fins parallel 
to the memory substrate (7) may be formed at a prescribed height on the memory 

6 substrate side of the tips of the probe main bodies (21), as shown in Figure 5. In 
this case, the auxiliary electrodes (P3) shown in Figure 2 are not installed. Instead, 
attractive-force control is performed between the electrode fins (PF) and an 
electrode (PM) (see Figure 4) formed on the memory substrate (7). By installing 
such electrode fins (PF), it is possible to control the probes (2) with a small voltage. 

11 In Figure 5, as in Figure 2, the main body (21) of each probe consists of a 
semiconductor layer (a), an insulating layer (b), and a metal wiring layer (c) which 
is formed on the upper surface of said insulating layer (b). The semiconductor layer 
(a) is electrically connected to the electrode fins (PF) and the corresponding probe 
driving circuit (32). Furthermore, the metal wiring layer (c) is electrically connected 

1 6 to the conductive needle (22) and the W/R circuit (31 ). 

Figure 3 (B) shows the polarity of the electrode fins (PF) and the electrode (PM) in 
cases where the probes (2) are controlled by attractive-force control. In each probe 
cell, (PF) and (PM) are electrically connected to the probe driving circuit (32). In the 
21 same figure, said probe driving circuit (32) is wired so that (PM) is a minus pole, and 
(PF) constitutes a plus pole. The desired control can be accomplished by applying 
an appropriate voltage V across (PM) and (PF). 
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In the memory device of the invention, as is shown in Figure 1 , the W/R circuits (31 ) 
and probe driving circuits (32) are installed in close proximity to the probes (2). 
Accordingly, the length of the wiring between these circuits, especially the W/R 
circuits (9), and the probes is extremely short, so that the effects of stray 
capacitance and noise are almost negligible. However, because the long plate-form 
probes (2) shown in Figures 1 , 2 and 5 are supported at one point and thus protrude 
from the substrate surface (S) (see Figures 2 and 5) of the probe device (1), said 
probes (2) may flex in the direction parallel to said substrate surface (S) so that the 
positions of the conductive needles (22) are shifted about the supporting points of 
the probes (2). 

This problem can be eliminated by using a probe device (1) in which L-shaped 
bridge parts, such as those shown in Figure 6, are used as probes. In the probe 
device (1) shown in Figure 6, the W/R circuits (31), probe driving circuits (32), probe 
cells (4), and bus lines (5) are similar to those in the probe device (1) shown in 
Figure 1 , except for the fact that the probes (2) consist of L-shaped parts. As in the 
case of the probe device (1) shown in Figure 1, these parts are formed by means 
of a monolithic semiconductor process. 

Figure 7 is a detailed illustration of one example of one of the probes (2) shown in 
Figure 6. The main body (21) of the probe (2) is formed by an L-shaped bridge part 
consisting of first and second arms (21 A) and (21 B) which protrude from the probe 
device (1). The supporting points of the probe main body (21) are not shown in 
Figure 7. 
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1 The probe main body (21 ) is formed so that it protrudes over a groove (23), and the 
semiconductor undersurface layer (1C) is exposed at the bottom of this groove (23). 
The two arms (21 A) and (21B) are formed from the semiconductor surface layer 
(1A). Here, the first and second arms (21 A) and (21 B) both consist of an N type 
semiconductor. A P type region (210) is formed in the boundary area of the first and 

6 second arms (21 A) and (21 B), so that said first and second arms (21 A) and (21 B) 
contact each other in an insulated state via the P type region (210). 

The undersurface of the first arm (21 A) forms a driving electrode (P1) for the probe 
(2). A conductive needle (22) is formed at the tip end of the second arm (21 B). The 
1 1 tip (22a) of said conductive needle (22) is formed as a columnar part with a uniform 
cross section. This tip (22a) is used to achieve contact with the memory medium 
(71) (see Figure 4). 

In Figure 7, the portion of the exposed surface of the semiconductor undersurface 
16 layer (1C) that faces the first arm (21 A) forms a second electrode (P2). A pair of 
auxiliary electrodes (P3, P3), formed from the semiconductor surface layer (1 A), are 
formed on the substrate surface (S) along the sides of the groove (23) where the 
first arm (21 A) is located. These electrodes (P1, P2, P3) are connected to the 
probe driving circuit (32) (see Figure 6) by wiring, such as that already shown in 
21 Figure 3 (A) for the probe (2) shown in Figure 2. 

The conductive needle (22) is connected to the W/R circuit (31) (see Figure 6) via 
the second arm (21 B), which itself acts as wiring, and wiring not shown in the 
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figures. If the probe main body has a laminated structure, such as that shown in 
Figures 2 and 5, warping of said probe main body may occur during manufacture 
so that practical use becomes impossible. However, a probe main body with the 
structure shown in Figure 7 has a single-layer structur6. Accordingly, there is no 
warping that would cause any problems in terms of practical use. 

The probes (2) shown in Figures 6 and 7 are positioned in prescribed positions by 
means of a positioning device (91), such as that shown in Figure 4, and are 
subjected to repulsive-force control by means of the probe driving circuits (32). 
Furthermore, in the probes (2) shown in Figures 6 and 7, the tip portion of the L- 
shaped bridge part operates with the supporting parts of the two arms (21 A) and 
(21 B) used as supporting points. Specifically, the conductive needle (22) of each 
probe moves vertically with respect to the surface of the memory medium (71), but 
does not move horizontally with respect to said surface. Accordingly, there is no 
problem of the position of the conductive needle (22) being shifted as a result of 
flexing of the probe main body (21) in the direction parallel to the substrate surface 
(S). Thus, positioning of the respective conductive needles (22) can be accurately 
performed. 

In the case of the probes (2) shown in Figures 6 and 7 as well, attractive-force 
control between said probes and the memory substrate (7) (see Figure 4) may be 
accomplished by using electrode fins (PF) of the type shown in Figure 5. In this 
case, as is shown in Figure 8, the electrode fins (PF) are installed on the first arm 
(21 A). In this case, the auxiliary electrodes (P3) shown in Figure 7 are not installed. 
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Instead, attractive-force control is performed between the electrode fins (PF) and 
an electrode (PM) formed on the memory substrate (7) by means of wiring similar 
to that shown in Figure 3 (B). 

In a memory device using the probes (2) shown in Figures 7 and 8, as in the 
memory device using the probes (2) shown in Figures 2 and 5, the W/R circuits (31) 
and probe driving circuits (32) are installed in close proximity to the probes (2). 
Accordingly, the effects of stray capacitance and noise are almost negligible. 

In the memory device using the probes (2) shown in Figures 7 and 8, the second 
arm (21 B) of each probe is spatially separated from the first arm (21 A). 
Accordingly, the stray capacitance generated in the second arm (21 B) (which 
functions as wiring) can be virtually ignored. 

Below, one example of the manufacturing process of the probes (2) shown in Figure 
8 is described with reference to Figures 9 through 18. 

(1-1) A silicon on insulator (SOI) wafer, consisting of a semiconductor surface layer 
(1A), an insulating intermediate layer (1B), and a semiconductor undersurface layer 
(1C) is prepared. For example, this SOI wafer is a wafer manufactured using 
universally known SOI techniques such as wafer bonding techniques, and thus is 
not a special type of wafer. 
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(1-2) As is shown in Figure 9, portions (21 A') and (21 B') which form the first and 
second arms (21A) and (21B) of the probe main body (21), portions which form 
terminals (TpA) and (TpB) that are connected to said first and second portions 
(21 A") and (21B'), wiring (LA) which connects the first portion (21 A') and terminal 
(TpA), wiring (LB) which connects the second portion (21 BO and terminal (TpB), and 
portions which form the silicon substrate (M) and terminals (Td) and (Ts) of the 
probe driving circuit (as is described later, the probe driving circuits are CMOSFETs 
in the preferred embodiment of the invention), are formed by patterning of the 
semiconductor surface layer (1A). 

(1-3) N and P type regions, where the P type region is P type region (210) in Figure 
10, are formed in the first and second portions (21 AO and (21 B*) by ion implantation. 
Furthermore, the probe driving circuit is omitted from the same figure. The amount 
of ion implantation used to form the N type regions is an amount sufficient to insure 
the necessary conductivity as wiring. Ordinarily, this amount is approximately 1017 
to 1018 cm 3 . 

The amount of ion implantation used to form the P type region is an amount that 
produces sufficient electrical insulation by means of a PNP junction. Ordinarily, this 
amount is approximately 1018 cm* 3 . If the doping concentrations of the respective 
regions are set at higher values, warping may occur in the probe main body. 
However, warping of the probe main body can be sufficiently controlled by setting 
the doping concentrations at approximately the values described above. Figure 10 
shows the state following this ion implantation. 



27 



WO 96/11472 



PCT/US95/12932 



(1-4) The CMOSFET gate oxide films are formed. 

(1-5) For example, a polysilicon layer is deposited by low pressure chemical vapor 
deposition (LPCVD), and doping is performed in the CMOSFET silicon substrate 
portions (M). 

(1-6) Patterning of the polysilicon layer is performed. The CMOSFET gate 
electrodes (G) and the gate terminals (Tg) of said electrodes (G) are formed by this 
patterning. All of the polysilicon layer is removed except for these electrodes (G) 
and terminals (Tg). When the N+ diffusion region of each MOSFET is formed, the 
wiring portions (LA) and (LB) are also converted into N+ diffusion regions. As a 
result, good contact can be obtained between the probe main body (21) and the 
metal wiring, which is described later (see (1-20)). Figure 11 (A) shows the 
conditions of doping of the probe main body (21) following N+ diffusion. Figure 11 
(B) is a sectional view along line A-A' in Figure 11 (A), and Figure 11 (C) is a 
sectional view along line B-B'in Figure 1 1 (A). 

(1-7) An Si0 2 layer (d) is deposited to a thickness of, for example approximately 0.4 
microns. 

(1-6) A hole (Hf) with a width of, for example approximately 0.44 microns is opened 
in the area where the electrode fins (PF) are to be formed. Figure 12 shows a 
sectional view, along a line corresponding to line A-A' in Figure 1 1 (A), of the probe 
following the opening of the hole (Hf) used to form the electrode fins (PF). 
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(1-9) An N type polysilicon layer (e) is deposited to a thickness of, for example 
approximately 0.1 microns. 

(1-10) The electrode fins (PF) are formed by patterning the N type polysilicon layer 
(e). Figure 13 shows a sectional view along a line corresponding to the 
aforementioned line A-A' following the patterning of the electrode fins (PF). 

(1-11) An Si0 2 layer (f) is deposited to a thickness of, for example approximately 
0.2 microns. 

(1-12) A hole (Hn) with a diameter of, for example approximately 0.2 microns is 
formed in the area where the conductive needle (22) is to be formed. Figure 14 
shows a sectional view along a line corresponding to the aforementioned line A-A' 
following the opening of the hole (Hn). 

(1-13) An N type polysilicon layer is deposited to a thickness of, for example 
approximately 0.15 microns. 

(1-14) This N type polysilicon layer is removed by etching to a depth of, for example 
slightly more than 0.15 microns. As a result, the main body portion of the 
conductive needle (22) is formed. 

(1-15) A resist layer (g) is deposited to a thickness of, for example approximately 
0.1 microns. 



29 



WO 96/1 1472 



PCT/US9S/12932 



(1-16) A hole (Ht) with a prescribed diameter, e.g. approximately 30 nm in the 
preferred embodiment of the invention, is opened by, for example electron beam 
lithography, ion beam lithography, or X-ray lithography in the portion of the resist 
layer (g) where the tip part (22a) of the conductive needle (22) is to be formed. At 
the same time, in addition to this hole (Ht), at least one dummy hole (Hdum) is 
formed in an appropriate portion of the wafer to facilitate the usual lift-off process. 
Figure 1 5 shows a sectional view of the state of the probe following the opening of 
these holes (Ht) and (Hdum). 

(1-17) A layer consisting of the material of the tip portion (22a) of the conductive 
needle (22) specifically, a layer consisting of a material which is not attacked during 
the etching of the Si0 2 in process (1-21) which, in the preferred embodiment of the 
invention is an Ir layer (h), is formed to a thickness of approximately 50 nm. The 
formation of this Ir layer (h) is accomplished by means of an anisotropic film 
deposition process. As a result, the conductive needle (22) is formed. 

(1-18) The resist layer (g) is stripped away by means of a lift-off process. Figures 
16 (A) through 16 (D) are explanatory diagrams that illustrate this lift-off process. 
Figure 16 (A) shows the vicinity of the dummy hole (Hdum) opened in the resist 
layer (g) (see step (1-16) above), and Figure 16 (B) shows the state of the probe 
following the deposition of the Ir layer (h) (see step (1-17) above). Isotropic etching, 
such as that shown in Figure 16 (C), is performed on the Ir layer (h) shown in Figure 
16 (B). As a result, the resist layer (g) is eluted, and the Ir film (h) formed on the 



30 



WO 96/1 1472 



PCT/US95/12932 



resist layer (g) is stripped away, as shown in Figure 16 (D). Figure 17 shows the 
state of the probe following the completion of the lift-off process. 

(1-19) An Si0 2 layer is deposited to a thickness of, for example approximately 0.1 
microns. 

(1-20) Metal wiring is formed in the required areas by an ordinary metallization 
process. 

(1-21) The resist layer (g) and the insulating intermediate layer (1B) (Si0 2 ) on the 
undersurface of the probe (2) are removed by isotropic etching. As a result, a probe 
(2), such as that shown in Figure 18, is manufactured. 

In the manufacturing method illustrated in Figures 9 through 17, a probe (2) with an 
L-shaped bridge part was manufactured from an SOI wafer consisting of a 
semiconductor surface layer (1A), an insulating intermediate layer (1B), and a 
semiconductor surface layer (1C). However, as is shown below, it is also possible 
to manufacture such a probe (2) with an L-shaped bridge part using a bulk wafer. 

(2-1) Manufacture up to and including the formation of the MOSFET gate 
electrodes of the W/R circuit and probe driving circuit is accomplished by means of 
an ordinary CMOS process. Here, the probe region is left as the separating region 
between elements. 
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1 (2-2) A second polysilicon film which is used as the probe main body (21) is 
deposited. 

(2-3) Processes similar to the steps (1-3) through (1-6) are performed on the 
second polysilicon film. In this case, the respective connections between the first 
6 and second portions which form the first and second arms (21 A) and (21 B) of the 
probe main body (21), and the W/R circuit (31) and probe driving circuit (32), are 
appropriately formed by a universally known method. For example, the second 
polysilicon film and the MOSFET gate electrode wiring or N+ diffusion regions may 
be connected by direct contact holes, or may be wired via metal in a subsequent 
1 1 process. 

(2-4) Processes similar to the steps (1-7) and subsequent processes, are 
performed. As a result, a probe (2) with an L-shaped bridge part is manufactured. 

16 In the above process steps (1-1) through (1-21) and (2-1) through (2-4), the 
discussion was centered on the method used to form the probes and probe driving 
circuits, and no description was given concerning the method used to form the W/R 
circuits or buses. Furthermore, several processes such as channel ion injection, 
were omitted from the description. However, it is self-evident that a person skilled 

21 in the art would understand the steps manufacturing process, and would be able to 
add processes, such as W/R circuit and bus formation processes and ion 
implantation to the steps processes. Furthermore, it is also self-evident that a 
person skilled in the art would be able to manufacture the probe device (1) of the 
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invention based on the above description, by using appropriate monolithic 
semiconductor processes and micro-machining techniques. 

In the case of the probes (2) shown in Figures 2, 5, 7, and 8, there may be 
instances in which there is a shift in the position of the tip (22a) of the conductive 
needle in the direction parallel to the substrate surface (S) of the probe device (1) 
when the probe (2) is actuated, as shown in Figures 18 (i) and (it*). Figure 18 (i) 
shows the state of the probe (2) in Figure 2 or 7 prior to being driven, while Figure 
18 (ii) shows the state of said probe (2) after being driven. In cases where this 
positional shift is a problem, the main body (21) of each probe may be constructed 
from a bridge part with a reverse bend consisting of arms (21 1) and (212), as shown 
in Figure 19. 

In Figure 19, the end portion of the arm (211) is fastened to the substrate of the 
probe device (1). The conductive needle (22) is attached to the tip of the other end 
portion of the bent bridge part facing the memory substrate (7) (see Figure 4). An 
electrode (P1) is installed on the undersurfaces of the arms (211) and (212). The 
probe (2) shown in Figure 19 has roughly the same construction as the probe (2) 
shown in Figure 2, except for the fact that the probe (2) shown in Figure 19 is 
formed with a reverse bend. 

Figure 20 illustrates a case where electrode fins (PF) are formed on the arm (212) 
of the probe main body (21) shown in Figure 19. The probe (2) shown in Figure 20 
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1 has roughly the same construction as the probe (2) shown in Figure 5, except for 
the fact that the probe (2) shown in Figure 20 is formed with a reverse bend. 

Figure 21 shows a probe (2) with a shape formed by joining the tip ends of the 
respective arms of a pair of bridge parts with reverse bends of the type shown in 
6 Figure 20. The bridge parts used here have left-right symmetry. The probe main 
body (21) consists of arms (21 1), (212), (213) and (214) which protrude parallel to 
the substrate surface (S) of the probe device (1). The arms (211) and (212) are 
parallel to each other, and the arms (21 3) and (214) are parallel to each other. The 
probe main body (21) is constructed from these respective arms (211) through 
1 1 (214). Furthermore, the apex of the L-shaped bridge part formed by the arms (21 1 ) 
and (213) is fastened to the substrate of the probe device (1). 

The conductive needle (22) is attached to the apex of the L-shaped bridge part 
formed by the arms (212) and (214). An electrode (P1) is formed on the 
16 undersurfaces of the respective arms (211) through (214). A metal wiring layer (c), 
which is used to connect the conductive needle (22) and the W/R circuit, is formed 
on the respective arms (211) through (214). 

Figure 22 shows a probe (2) equipped with electrode fins which is formed by 
21 applying the NPN insulating structure of the probe shown in Figure 8 to the probe 
with a reverse-bend structure shown in Figure 21. These electrode fins (PF) are 
used to perform attractive-force control by means of the electrostatic force between 
said fins and the memory substrate (7) (see Figure 4). In cases where a probe main 
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body with a laminated structure such as that shown in Figure 20 or Figure 21 is 
used, there may be instances, as in the case of Figures 2 and 5, in which warping 
occurs during manufacture so that practical use becomes impossible. However, the 
probe main body (21) whose structure is shown in Figure 22 has a single-layer 
structure. Accordingly, as in the case of the probe shown in Figure 8, there is no 
warping that would cause any problems in terms of practical use. 

By forming each probe as a bridge part with a reverse bend as shown in Figures 19 
through 22, it is possible to design the system so that there is almost no positional 
shift of the conductive needle tip (22a), regardless of the extent of actuation of the 
probe main body (21) (as is shown in Figures 23 (i) and (ii)). Figure 23 (i) shows the 
state of the probe (2) in Figure 19 prior to driving, while Figure 23 (ii) shows the 
state of said probe (2) after said probe has been driven. 

The memory substrate (7) may be a flat plate-form substrate which has a memory 
medium (71) formed on its surface, or a substrate in which lattice-form grooves are 
formed in the aforementioned flat plate-form memory medium. Thus, substrates 
with various constructions may be used. 

Figures 24 (A) and (B) are a model sectional view and a model plan view which 
illustrate one example of memory substrate (7) with lattice-form grooves formed in 
its surface which can be used in the memory device of the invention. The memory 
substrate (7) (Si substrate) has the shape of a square tile which is approximately 1 
cm on a side, with a thickness of approximately 10 to 100 microns. This memory 
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substrate (7) is formed by laminating a substrate (72) and a memory medium (71). 
Separating grooves (73) are formed over the entire surface of the memory substrate 

(7). 

Generally .warping caused by thermal expansion or thermal contraction tends to 
occur during the manufacture of said substrate if the memory substrate is too thin. 
However, because the memory substrate (7) shown in Figures 24 (A) and (B) has 
separating grooves (73) formed in its surface, there is no warping that would cause 
any problems in terms of practical use, even if said memory substrate (7) is thin. 
Accordingly, in cases where the positioning device (91) (see Figure 4) is 
constructed as a device which moves the memory substrate (7), high-speed 
movement of said memory substrate (7) is possible as a result of the reduction in 
weight achieved. The separating grooves (73) can be formed by such techniques 
as photolithography or etching. 

It is usually desirable to form the separating grooves (73) so that said grooves are 
positioned at the boundaries between adjacent recording regions of the memory 
medium (71), where one recording region is the area accessed by one probe. If the 
spacing of the separating grooves (73) is too great, warping cannot be reduced to 
the desired level. The steps separating grooves (73) are ordinarily formed on the 
boundaries of all of the recording regions. If the spacing of the separating grooves 
(73) is too small, it becomes impossible to position said grooves at the boundaries 
of adjacent recording regions. In cases where warping caused by thermal 
expansion or thermal contraction during manufacture is a problem, the depth of the 
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separating grooves (73) may be set at a value which is equal to half or more of the 
thickness of the memory substrate (7). 

As described above, the memory device of the invention is as follows: 

A memory device equipped with a memory substrate that has a memory medium 
formed on its surface, and a probe device that includes: 

(a) a plurality of probes with conductive needles that are used to read and write 
information in the memory medium; 

(b) a positioning device that is used to position the conductive needles in prescribed 
positions on the surface of the memory medium, with all of said needles being 
positioned at the same time; 

(c) write-read circuits that are used to read and write information in the memory 
medium via the conductive needles; and 

(d) probe driving circuits that are provided for each of the conductive needles, and 
which are used to place the surface of the memory medium and the tips of the 
conductive needles in a state of contact, where the probes, write-read circuits, and 
probe driving circuits are formed in close proximity to each other on the probe 
device by means of a monolithic semiconductor process. 
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The invention has, inter alia, the following desirable working configurations: 

A memory device, as defined above, which is characterized by the fact that 
the probes are actuated by electrostatic force. 

A memory device, as defined above, which is characterized by the fact that 
the memory substrate is an electrode which interacts with the probes by 
electrostatic force. 

A memory device, as defined above, which is characterized by the fact that 
auxiliary electrodes, i.e. electrode fins, which have fins that are parallel to the 
memory substrate that are formed at a prescribed height on the memory 
substrate sides of the probes. 

A memory device, as defined above, which is characterized by the fact that 
the probe device is manufactured from a wafer consisting of a silicon surface 
layer, an insulating intermediate layer, and a silicon undersurface layer, and 
the probes are formed from the silicon surface layer of the wafer. 

A memory device, as defined above, which is characterized by the fact that 
the probes are actuated by a piezoelectric force, i.e. a force generated by a 
bimorph piezo electric structure or an electrostatic force. 
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A memory device, as defined above, which is characterized by the fact that 
the tips of the conductive needles consist of columnar bodies which have a 
uniform cross section. 

A memory device, as defined above, which is characterized by the fact that 
the W/R circuits perform the reading or writing of information with respect to 
the recording regions only when the surface of the memory medium and the 
tips of the conductive needles are in contact with each other. 

A memory device, as defined above, which is characterized by the fact that 
the memory substrate has a plurality of lattice-form separating grooves. 

• A memory device, as defined above, which is characterized by the fact that 
the memory medium consists of a dielectric or ferroelectric substance. 

* A memory device, as defined above, which is characterized by the fact that 
the probe driving circuits are controlled so that when the surface of the 
memory medium and the tips of the conductive needles are in a state of 
contact, the repulsive force applied to the tips of said conductive needles 
does not exceed the inter-atomic bonding force of the material of said 
conductive needles. 

The invention is constructed as described above, and provides at least the following 
advantages over the prior art: 
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Because the probes, W/R circuits, and probe driving circuits are manufactured by 
a monolithic semiconductor process, the cost of manufacturing the probes can be 
reduced. Furthermore, because the probes are installed in close proximity to each 
other on the probe device, a high parallelness is assured for the respective probes. 

Moreover, because the probes, W/R circuits, and probe driving circuits are installed 
in close proximity to each other on the probe device, a high parallelness can be 
obtained for the respective probes. As a result, the peripheral circuitry can be 
simplified, e.g. there is no need for circuits to insure parallelness. 

By installing the probes, W/R circuits, and probe driving circuits in close proximity 
to each other, it is possible to use the same bus lines for a multiple number of probe 
cells. Accordingly, the density of the probes can be increased, and one bus line can 
be used for a multiple number of probe cells. 

Because either probes actuated by electrostatic force or probes actuated by 
piezoelectric force may be used as the steps probes, the degree of freedom in 
designing the probe device is expanded. 

In cases where the probes used are probes actuated by electrostatic force, said 
probes can be actuated by the electrostatic force between said probes and the 
memory substrate. Accordingly, the probe driving force can be increased. In 
particular, by installing electrode fins on the probes, it is possible to insure a 
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1 sufficient driving force even in cases where the W/R circuits and probe driving 
circuits protrude from the substrate surface of the probe device. 

Because the tips of the conductive needles (22) are formed as columnar bodies that 
have a uniform cross section, there is no change in the shape of the parts 
6 contacting the memory medium, even if said tips of the conductive needles should 
become worn down as a result of contact with the memory medium. 

Because the memory medium, e.g. consisting of a dielectric or ferroelectric 
substance, has a multiple number of separating grooves, warping of the memory 
1 1 substrate caused by thermal expansion is eliminated. As a result, material costs 
can be reduced, and the weight of the memory substrate can be decreased 
compared to conventional memory substrates. Accordingly, high-speed reading 
and writing of information are possible, even in cases where the positioning of the 
probes is accomplished by moving the memory substrate. 

16, 

In cases where L-shaped bridge parts consisting of first and second arms are used 
as probes, said probes can be constructed so that the wiring (second arm) that 
performs the transmission of data and the first arm that has a driving electrode are 
spatially separated from each other. In such cases, the stray capacitance 
21 generated between the aforementioned electrode and the wiring used for the 
reading and writing of information can be greatly reduced. 
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The repulsive force applied to the atoms in the tips of the conductive needles when 
the probes contact the recording regions can be controlled so that said force does 
not exceed the bonding force of the atoms in the tips of said conductive needles. 
Accordingly, wear and damage of the conductive needles can be virtually 
eliminated, so that the durability of the probes can be greatly increased compared 
to conventional probes. 

Although the invention is described herein with reference to the preferred 
embodiment, one skilled in the art will readily appreciate that other applications may 
be substituted for those set forth herein without departing from the spirit and scope 
of the present invention. Accordingly, the invention should only be limited by the 
Claims included below. 
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1 

1. A memory device, comprising: 

a substrate having a memory medium formed on a substrate surface; 
6 a probe device including a plurality of probes having conductive needles, said 

conductive needles having tips, wherein said conductive needles are used to read 
and write information in said memory medium; 

a positioning device for positioning said conductive needles in prescribed 
positions on the surface of said memory medium, wherein all of said needles are 
1 1 positioned simultaneously; 

at least one write-read circuit for reading and writing information in the 
memory medium via said conductive needles; and 

a probe driving circuit associated with each of said conductive needles for 
placing the surface of said memory medium and the tips of said conductive needles 
16 in a state of contact; 

wherein said probes, said write-read circuit, and said probe driving circuit are 
formed in close proximity to each other on said probe device by a monolithic 
semiconductor process. 

21 2. A memory device as in claim 1 , wherein said probes are actuated by electrostatic 
force. 



43 



WO 96/11472 



PCTAJS95/12932 



3. A memory device as in Claim 2, wherein said memory substrate is an electrode 
which interacts with said probes by electrostatic force. 

4. A memory device as in Claim 1 , wherein said probe device is manufactured from 
a wafer comprising a silicon surface layer, a silicon oxide intermediate layer, and a 
silicon undersurface layer, and wherein said probes are formed from said silicon 
surface layer of said wafer. 

5. A memory device as in Claim 1, wherein said write-read circuit reads or writes 
information in said memory medium only when the surface of said memory medium 
and the tips of said conductive needles are in a state of contact. 

6. A memory device as in Claim 5, wherein each probe driving circuit is controlled 
so that a repulsive force applied to the tips of said conductive needles when the 
surface of said memory medium and the tips of said conductive needles are in 
contact does not exceed an inter-atomic bonding force of a material from which said 
conductive needles are formed. 
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